Abstract-In order to design a reasonable pedestrian evacuation and exclude the security risks in large stadiums, this thesis proposes the research of security model of evacuation in stadiums combined with multi-agent and cellular automata. The research is based on cellular automata model and the process makes extended analysis to the cell's behavior of autologous, and then it makes simulation experiments of the process of simulating the evacuation in large stadiums. Simulation results finally show that cell Agent combines the advantages of multi-agent and cellular automata, which fully considers the individual internal factors. Compared to traditional cell cellular automata, it is more close evacuation situation of the realistic major sports stadium, and it shortens the evacuation time and improves the safety.
INTRODUCTION
Crowded public places such as theaters, stadiums, railway stations, docks, business center and supermarkets have characteristics of high t crowds gathering and mobility [1] [2] [3] . In case of when unexpected disasters like fire, explosion and riot occur, serious life and property damage will be caused.
Since the 90s, the construction of sports stadium has achieved brilliant achievements; there is a significant improvement from the shape of stadium, or the quality and quantity. In recent years, the large-scale international events like Beijing Olympic Games, Asian Games in Guangzhou, Shenzhen Universiade sports are held in China, so many massive stadiums were built in many cities, which is with large scale unmatched with the usual scale. But the modern stadiums presents some new features, mainly reflected in two aspects: Firstly, increasing the size of the venue, the modernization level has been improved significantly; Secondly, the evacuation characteristics is the basis of designing the Square, shopping mall, entertainment and so on, but also it is an important basis for establishing pedestrian evacuation facilities. Pedestrian evacuation infrastructure is one of the main pedestrian traffic facilities. Generally the crowded place is pedestrians' necessary places. Fire accident of arena fire is the accident, which is super dangerous, and it is not easy, to find out.
Dangerous, sudden, transient and other characteristics, and also the sports venues is with special internal functions, numerous equipment lines, personnel highly concentrated and other features, so it is resulting in a fire more incentive. If a fire occurs, the consequences could be disastrous. Unlike the general architectural space, the stadiums interior space is different. When the fire occurs, the crowd is easy to be panic because the directions are not clear in unexpected situation, so it is easy to lead to outlet obstruction, crowd stampede, and more affect the safety of personnel evacuation. The final man-made danger of building fires or large numbers of people is the serious consequences jostlement caused by gathering disasters. As shown in Figure 1 . While through the study the characteristics of reasonable crowd gathering and crowd evacuation to the large crowded distribution center, such as subway hub, rail transportation stations, stadium course, large amusement parks, etc., the theoretical basis for design of crowd gathering and crowd large distribution. At the same time, it provides evacuation strategies and advice to the relevant departments. In case of when under an emergency case, the crowd can be reasonable evacuated to avoid casualties and property losses, and it is currently an important issue need to be resolved. Thus whatever the stadiums fire or crowd riots, it is directly or indirectly caused by the crowds stampeded, but the main reason of crowded stampede occurred mainly due to the excessive population density of congestion and pedestrian accidents caused by a fall or squat stampede accident. Effectively making quick and safe evacuation of personnel to the secure area will be able in some way reduce the danger of accidents; therefore the design of stadiums evacuation is very important.
With the development of modern design and technology, the size and capacity of sports stadium continues to develop [4] . The Appearance of great density of crowd in stadium raises the possibility of potential [5] [6] [7] [8] . The accident statistics such as Kristin in Canada and Fruin in New Zealand show that there are 3,000 casualties in the last 10 years in the world sports arena, which is larger that the casualties probability of the frequently occurred accident (such as car crash). Therefore, study on stadiums evacuation has important and practical significance, and it is always the hot point in the research field of public safety [9] [10] [11] [12] [13] . Stadiums evacuation is an organic whole consisted with many interrelated and interacted elements, which is a complex system with the characteristics of complex, multi-level nature and feedback, and it is with strong spatial and chronological features. For this problem, many domestic and foreign scholars have done a lot in-depth researches and proposed the stadium evacuation models like cellular automata, multi-agent model (MAS) [14] [15] [16] [17] [18] . The museum crowd has strong autonomous and intelligent features, which has become an important direction of current research.
For the researches in this field there are three types of parties, namely the rule-based approach, social force of approach and cellular automata approach. Rule-based approach at a lower population density or moderate cases can simulate the realistic movement of people, but can not handle the contact between people, so it can not simulate the squeezed results [19] [20] [21] [22] [23] . Helbing D et al on the basis of social force method reappear the extrusion pressure when the crowd squeezing through analyzing the repulsion between man and man, the repulsion between man and static obstacles between man and target and the gravity and friction between man and target and establish the simulation model of crowd evacuation under a state of panic [24] [25] . The disadvantage of this model is that when the simulation is with high-density crowd, crowd shaking phenomenon will be appeared. Cellular automata method restricts the movement of people within discrete boxes, and the state of the cellular at some certain moment is according to the state of the last moment and the entire neighbor cellular to locally update, so the performance of the whole cellular space is represented as the changes in discrete time dimension changes. In the study of crowd evacuation simulation on fire scenario, the cellular automaton model is combined with the individual behavior, and this the commonly used methods. Therefore, stadiums evacuation study has important practical significance, and the public safety has been a hot research field. Stadiums crow evacuation is an organic unit consisting of many interrelated and interaction elements. It is a complex system with natures of complexity, multi-level, feedback and other characteristics, which has strong spatial and chronological features. To solve this problem, a number of scholars at home and abroad have in-depth and numerous researches and they found that the crowd in stadium has a strong autonomy and intelligent features, so it has become an important direction of current research.
Mr Young et al introduce the concept of risk level of location based on cellular automata method to determine the movement of pedestrians and simulate the escaping process of pedestrians when the fire broke. Mr Young et al adopt the method using cellular automata and combined with five different kinds of acting force of individuals under emergency situations. Under the simulating emergency evacuation, Yue Hao er al use two dynamic parameters and combine cellular automata to reflect the pedestrian evacuation. Zhou Jinwang et al consider the effect of side by side pedestrian in pairs, around in pairs and mixed pairs to the process of pedestrian evacuation.
Cellular automata are a cross-cutting science. It is the result of combination of mathematicians, physicists, biologists and computer scientists. Therefore, different scholars have different explanation on cellular automata: mathematicians think that cellular automaton is a mathematical model with a discrete space-time; biologists think it is an abstract phenomenon of life; Physicists will treat it as a discrete dynamical system. In cellular automata, the space is divided into many units with regular grids. Each cell in the ruled grid is called cellular and all cellular follow the same rules to be updated.
This thesis combines the advantages of agent and cellular automata model; more realistically simulates the process of stadium evacuation behavior and proposes the crowd evacuation model in large stadium combined with multi-agent and cellular automata. Simulation results show that fully considers the individual internal factors, and it is closer to the crowd evacuation situation in realistic large stadium. This paper mainly makes the extensive and innovative work in the following areas:
(1) The current studies on wireless sensor network resource optimization tend to focus on the MAC or strategies on transport layer to achieve a single optimization goal. In order to improve node energy, storage and computing power, this paper proposes the cross-layer resource optimization algorithm. The algorithm introduces the power control model associated with the probability of link connection and establishes the network collaborative optimization mechanism based on congestion cost and energy cost through combining the power control on physical layer, access control on Mac layer, flow control model on transport layer and using the network utility and life as optimized goal. The vertical decomposition theory is used to realize the decomposition with step-by-step of the optimized goal, and then the updated formula based on the power consumption of nodes and probabilities and rate of link access is deduced to achieve the distributed optimization solutions.
(2) In order to further verify the correctness and effectiveness of the proposed the optimization algorithm with cross-layer resources, the validation experiments cross-layer optimization algorithm in wireless sensor network based on network utility and lifetime are conducted. Wireless sensor network is consisted with six nodes, and after a brief fluctuation each node is convergent, and the probability of node 5 accessing to aggregation node 6 is 1. After a brief fluctuation the congestion cost is close to zero, which indicates that under the experimental environment the algorithm can alleviate and eliminate the network congestion status. Energy cost is also convergent varies with the iteration time, in which due to the node 5 bears more data transfer tasks, the energy consumption is higher and its energy cost parameters converge is a nonzero value. The simulation results show that: cross-layer resource optimization algorithm is effective and has fast convergence.
II. CELLULAR AUTOMATA AND MULTI-AGENT

A. Cellular Automata
Cellular Automata (referred to as CA) is the mathematical model based on the evolution of cell, which is both discrete on time and space. From a historical perspective, cellular automata are first used by mathematician and physicist John Von Neumann and Stanislaw Ulam in 1940. As a mathematical model, cellular automata have a strict scientific definition: cellular automaton is defined in the cellular space consisting of discrete and finite-state cellular composition, and according to some local rules, it is the dynamical system evaluated in discrete time dimensional. Cellular automata system can be expressed by a four-tuple:
where in, d is the number of dimension of cellular automata; S represents the discrete and finite set of states of the cellular; N represents the combination of cellular space in the neighborhood; f maps Sn to a partial conversion function on S. Theoretically, cellular automata can be expressed as any dimension. The current researches are concentrated on one dimension or two-dimension, while a lot of phenomenon are represented by concrete or abstract distributed two-dimensional, so the two-dimensional cellular automata is most widely used. Two-dimensional cellular division dimensional is generally divided as equilateral triangle, regular hexagon or regular square grid (shown in Figure 2 ). Cellular automata can be used to study many general phenomena, such as Information transfer, evacuation analysis and urban spatial change. When these studies use CA, there is an obvious common -the model used for large graphical display is based on two-dimensional cellular automaton model. This is because that in the research of searching the change rules of the target, two-dimensional CA can be sufficient to facilitate the expression of computer graphics on the plane.
Stadium crowd evacuation is different from the crowd evacuation in other large-scale venues (such as a large plaza, public entertainment, subway stations, etc.) -the audience stands in stadiums is designed as multi-steps, so when the site map of stadium is mesh divided of cellular automaton, the two-dimensional plane situation can not be simply considered. Because when the emergencies and the audience need to be evacuated, the majority of audience will be eager to find exit due to the panic mentality, the audience stands are the stepped design, so people often will firstly escape to the down side. Therefore, the elevation factor of the sports stadiums terrain plays an important role in the cellular propertieswhen the situation of audience choosing escape to the bottom is virtual, for the cellular around the currently occupied cellular automata as long as the current elevation value is high it will not be chosen.
B. Multi-agent Crowd Evacuation Model
In the framework of simulating the crowd movement the crowd evacuation situation is considered, and the framework of crowd evacuation model based on multi-agent can be simplified as in Figure 3 ; the model components include intelligent body, simulation model, map environment and the observer. The bounded closed set of the inside entire area; planar road collection Rp-gon = Rp1, Rp2, ..., Rpn, which is possible value range of the location of the audience and also is the constraint of the agent audience movement. Linear path collection Rp-line = Rl1, Rl2, ..., Rln, which is the reference direction of the action line of one point when audience is leaving; other environmental collection B = {Build, Block}, which is combined with the collection of buildings and collection of obstacles, and both are polygons.
(2) Audiences agent , , , , , , , 
where in, Id is the unique identifier for the audience; PO, PT, PN are the starting position, target position and current position of the agent; V is the mobile speed of the agent; P is the perceived state set; A is the set consisted A . The set of the entire audience agent at t moment all audience location is as follows:
.
Vector T P A Describes the position information of all the simulation objects at time t; the rule of T P A changing with the time describes the dynamic process of the crowd movement, which becomes the core state variables of the simulation model, and it is the s fundamental object observed by the observer in process of model simulation. The ultimate goal of simulation is to find out the change rule of the state variables.
III. CROWD EVACUATION MODEL
A. Model Assumption
Each individual is always constantly awareness the around situation, and then make their own judgment to make their behavior decisions. All of the crowd evacuation people are constantly on the individual behavior. All of these individual behaviors are interaction, overlapping, and form the whole crowd behavior with the scene interaction of the crowd. In this process, many factors affect the behavior of individuals and groups, which must be taken into account when modeling.
(1) When the crow is evacuating in stadium they are always toward the exit, and adjust the next behaviors and decisions based on the environmental risk and their own circumstances.
(2) When the crow is evacuating in stadium, there are some complex phenomena like together, herd, hinder, "haste makes waste" and so on.
(3) Evacuation speed of the crowd in stadium is influenced by their own psychological factors, physiological factors and population density, and different types of people have different speeds.
(4) Crowd in stadium can be divided into agent, and there are three types of agents: elderly, adults and children. The elderly and adults occupy 16 cellular and children occupy nine cellular, which are respectively represented with yellow, blue, purple, and each agent identifies the respective numbers.
B. Model Construction
Based on multi-agent technology, stadium crowd is regarded as autonomous agent, which has complex decision making ability, their knowledge and experience. They can adjust their behavior according to the outside information and internal factors, and the general structure of its models is shown in Figure 4 . 
C. Crowd Structure
Large stadium has perfect function, complex structure, and different kinds of internal facilities and equipment, so any a part in the design, purchase, construction, use and maintenance process can lead to the venue risk. Permanent structures, temporary works, building facilities, competition system, the special material and special material are the material basis of sporting event. Stadium is the venue of a sporting event and the facilities equipment quality and maintenance guarantee the events go smoothly and athletes safety. At the same time effective equipped with emergency equipment can alleviate the damage of sudden emergencies. Therefore, we need systematic analyze the venue of risk source classification from the factors of material, to find the risk source damage to the venue, thus affect the events go smoothly and personnel safety. As shown in figure 5 .
D. The rules of the Model Operation
In this paper, the model is on the basis of two-dimensional cellular automata, cellular automata is the discrete dynamic system that composed of finite state variables on uniform grid, its operation rule is:
(a) All of cellular automata state is happening simultaneously;
(b) The state of the ith cell of time t + 1 is determined by the moment / 3 y cell and adjacent distance less than y cell state.
Unlike regular cellular automata model, the model is defined in the two-dimensional plane, two-dimensional plane of building or other evacuation facility is divided into LL  uniform grid, each lattice point can only be empty or occupied by a person, where Z is the system size. Because the crowd density is big in the crowd evacuation , therefore, each cell model corresponding to 11 33 mm  space. This space give full consideration to the model applicability in high density conditions, because of the high density case, individuals are tightly interleaved squeezed together, and pedestrians will deformation and compression because of extrusion, reached 8people 2 /m in the limit case. The maximum stand density was 9people 2 /m in our country, if not considering this problem, the density is too large, it may lead to failure simulator. Therefore, this paper cellular space divided into 9people As shown in figure 5 , each cell of cellular automata is dependent on its field of all cellular automata, so it is very important to choose field. In this paper, the model use Moore type and field radius is 2, pedestrians can forward, backward, left, right, upper left, upper right, forward, left, right speed is Im/s, upper left, upper right speed is ()and backward speed is-1mA.
The evolvement of this model is: People walking towards exchange ratio will be relatively high.
(4) After pedestrians move to the target lattice, the person according to the position again recalculates the next step target lattice, to determine the next movement direction;
(5) All personnel are updated simultaneously, all completion transfer to (1), and do the next update.
(6) After both sides personnel evacuation, stop the evolution process.
E. Behavior Execution
The speed obtained by the decision of other agents will update the location of each agent, the specific implementation process is shown in equation (8) Figure 5 . 
B. Results and Analysis
Under the circumstance of the different physical decline value power, the curve changes of the evacuation crowd and evacuation time are shown in Figure 7 . As can be seen from Figure 8 , the physical value decreased value power of has a greater impact on evacuation time. Considering when the not panic value Cpanic, the curve changes of the evacuation crowd and evacuation time is shown in Figure 8 . As can be seen from Figure 9 , when considering the panic value Cpanic, the crowd evacuate faster at the beginning stage, but when the number of people is large, there are a large crowd, which causes the panic herd behavior, and then the phenomenon of the long evacuation time and the "haste makes waste" will be appeared. Consider not panic Considering degree of panic Figure 9 . Impact of the level of panic on evacuation behavior
Under the circumstance of different Evacuation crowd, the stadium crowd evacuation time of single CA model, MAS model and Agent model are shown in Figure 10 . Figure 10 shows that compared with the single model and MAS model, the total time of cell Agent model is relatively stable, and the crowd evacuation time is relatively small, which greatly save the total time of pedestrian evacuation. Comparative results show that Cell Agent model is good to overcome the shortage of personality differences caused by simple using the cellular automata, and at the same time avoid the computational complexity generated by simply use the multi-agent model and the macro problem of can not sufficiently presenting the crowd movement. The traditional one-dimensional cellular automata, when the time step T = 12, 88 people not evacuated, as shown in figure 9 ; The two-dimensional cellular automata agent, when the time step T = 34, only 10 people evacuation, as shown in figure 10 . Obviously, the traditional one-dimensional cellular agent is much worse than two-dimensional performance in evacuation, new two-dimensional agent cell is superior to the traditional. The relationship between the number of evacuated crowd and time is shown in Figure 11 ; when considering the individual response time, the average response time is set as 60 s, the proposed model is adopted to re-simulate; the relationship between the number of evacuation with double outlet and time is shown as curve a in Figure 11 . When considering the multi-agent movement, the relationship between the number evacuation and time is shown as curve a3 in Figure 7 . Figure 11 shows that the curve a1 and curve a2 are approximate linear; a3 is nonlinear; the number of evacuation and time curve is nonlinear and they are comparatively real. Thus, by adding multi-agent and cellular automata in simulation, the phenomenon of crowd evacuation can be better simulated. Assume that the emergency occurs, one road (or several rode) of crowd evacuating is closed for some reason, and the evacuation movement is simulated. At the beginning, the basic shape remains the same as when the roads are not closed, and the crowd inside the stadium began to take shape of the annular flow patterns, which are not significantly different displays, and it is the same with the actual situation consistent with audience in place; when in the progress of stimulating the crowd to spread and there are two outlet adjacent to the closed exit, the flow of people obviously increased, and the population around the closed exit is substantially gather at the nearest exit adjacent to these two exits (shown in Figure  12，13 ). In the subsequent diffusion process, in several second nearest exits the flow of people also have significant increase, which show that when the road is closed, the multi-agents in order to reach the original goal they have to take the bypass road, which will increase the flow of people in neighboring exits and roads. The duration of the entire simulation process is significantly longer, the complexity of the temporal and spatial variation is greatly increased, and also the complexity and difficulty of the treatment of emergency are significantly increased.
V. CONCLUSION
In order to eliminate the security risks in large stadiums, this paper proposes the crowd evacuation safety model based on multi-agent and cellular automata in large stadiums. The model is based on the characteristics and laws of crowd evacuation in large stadiums and combined with multi-agent and cellular automata. This model is closer to crowd evacuation situation in real large stadiums, which shortens the evacuation time and provides some reference for the scientific and rational analysis of crowd evacuation behavior in large stadiums.
